As for molecular alterations of lung adenocarcinoma, it is critical that pathologists are able to give PD-L1 expression status before first-line of treatment. The present study compared PD-L1 expression (clone 22-C3) in decalcified using EDTA or formic acid and non-decalcified lung cancer metastases bone samples. Amongst the 84 bone samples analysed for PD-L1 expression, and independently of decalcification, TPS ≥ 1% was 25.0% and ≥ 50% was 11.4%. There was no significant difference between decalcified samples (n = 45) and non-decalcified samples (n = 39) for both TPS ≥ 1% (p = 0.32) and TPS ≥ 50% (p = 1). To conclude, we confirm decalcified bone metastasis specimens may be used for PD-L1 IHC in routine practice. These results also highlight potentially interesting specificities of the bone microenvironment that should be further studied ⁎
Introduction
As is the case for molecular alterations of non-small cell lung cancer (NSCLC), the capacity of pathologists to give PD-L1 expression status before first-line treatment is now critical for patient therapy [1, 2] . The challenge of routine practice is to obtain histopathological diagnosis, as well as molecular and immunohistochemical biomarker analysis within 7-10 days. In our institution, about 20% of lung cancer diagnoses are performed on a bone biopsy alone (unpublished data). For bone metastasis specimens, the decalcification process is a critical point. Nitric acid-based agents allow rapid tissue decalcification (a few hours to 2-3 days depending of the proportion of hard tissue in the sample) but lead to poor DNA quality and a loss of antigenicity [3] , precluding molecular and immunohistochemical analysis. Thus, alternative decalcification agents, such as EDTA and formic acid, are now commonly used in pathology departments; these provide good morphological results and allow immunohistochemistry (IHC) or molecular biology tests to be performed. For instance, immunohistochemical analysis of biomarkers, such as HER2 protein in breast cancer, are performed on bone samples with low rates of discordance comparing bone metastases to primary tumours [3, 4] . Nevertheless, bone samples still continue to be excluded from clinical trials and there is currently no data available concerning PD-L1 status of NSCLC bone metastases.
Our team has previously published a study that reported the value and efficacy of decalcified bone metastasis biopsy to make a histopathological and molecular diagnosis in patients presenting lung tumours with synchronous bone metastasis [5] . Herein, we compare the expression of PD-L1 between decalcified and non-decalcified bone metastasis of NSCLC.
Material & methods

Patients and tumour samples
The prospective multidisciplinary cohort POUMOS was initiated in 2011 at the Hospices Civils de Lyon, Lyon, France [5, 6] and approved https://doi.org/10.1016/j.jbo.2020.100275 Received 3 November 2019; Received in revised form 11 December 2019; Accepted 3 January 2020 by the regional ethics committee (Comité de protection des personnes Sud-Est IV, L11-76). Bone tissue samples from patients with bone metastatic NSCLC are still collected. Samples obtained between 1 April 2016 and 31 November 2018 were included in the present study. IHC for PD-L1 was performed as part of routine practice in the pathology department of the Hospices Civils de Lyon. Clinical data, such as sex, age, stage of the disease, and histopathological reports were retrospectively collected as part of the POUMOS study. Based on medical histopathological report and/or histopathological slides reviewed by two thoracic pathologists, lung carcinomas were classified according to the World Health Organization histopathological classification [1] .
Decalcification procedure
For bone metastases of lung cancer, decalcification of bone was performed, when necessary, after formaldehyde fixation using EDTA (0.5M EDTA pH8.0, Promega, Madison, WI, USA) between April 2016 and June 2017 then formic acid (Decalcifying Solution, Formic Acid 5%, Aqueous; Newcomersupply, Middleton, WI, USA) from July 2017 until November 2018. Decalcification was performed for minimum of four hours for biopsies and from 4-to-15 days for surgical specimens, with overnight alternative cycles (formaldehyde fixation / decalcification). No decalcification was performed when major osteolysis was observed. Specimens were then dehydrated and paraffin-embedded according to routine procedures. All samples were included in the tumour bank "Tissu-tumorotheque Est" (Centre de Ressources Biologiques, CRB) of the Hospices Civils de Lyon.
Immunohistochemical analysis
Standard 4-µm thick FFPE sections were subjected to IHC analysis using an anti-PD-L1 antibody (22-C3 antibody; Agilent, Santa Clara, CA, USA; dilution 1/100; Optiview DAB IHC detection kit, Roche, Switzerland) on a Ventana automated staining platform (BenchMark ULTRA, Tucson, AZ, USA). The tumour proportion score (TPS) for PD-L1 staining was calculated considering membranous PD-L1 expression of tumour cells, independently of the intensity of the staining [7] . Following European medicines agency guidelines, positivity of PD-L1 expression was defined as TPS ≥ 1% and TPS ≥ 50%. Positive control was present on each slide, and samples with ≤30 tumour cells were excluded from analysis.
Statistical analysis
All patients were included in the statistical analyses. Categorical variables were compared using the Chi-squared or Student's t-test. A pvalue <0.05 was considered significant. Statistical analyses were performed using the Graph Pad software (San Diego, CA, USA).
Results
Patients and samples characteristics
A total of 88 specimens of NSCLC bone metastases were included in the present study. Patients were mainly men (63/88, 71.6%) and the median age was 65.4 years (range: 41-86). The specimens were obtained by CT-guided bone biopsies in 62 cases (70.5%) and surgical resection in 26 cases (29.5%), mainly from hip (40/88, 45.5%) and vertebrae (32/88, 36.4%). Lung non-squamous carcinoma was the most frequent histological diagnosis (81/88, 92.0%). No decalcification was performed in 41 cases (46.6%) because of massive tumour infiltration and lytic bone lesion. In the other cases, decalcification procedure was performed using EDTA in 35 cases (39.8%) and formic acid in 12 cases (13.6%; Table 1 ). 
PD-L1 expression
PD-L1 expression status was obtained in 84 cases (95.5%); most of the samples presented > 100 tumour cells (76/88, 86.4%) while four cases could not be evaluated due to insufficient material. Irrespective of decalcification, TPS ≥ 1% was found in 21/84 cases (25.0%) and TPS ≥ 50% in 10/88 (11.4%; Fig. 1 ). There was no significant difference in the frequency of PD-L1 expression between samples not decalcified (n = 39) and those decalcified using EDTA/formic acid (n = 45; Table 2 ).
Discussion
In this study, we found that EDTA/formic acid decalcification of lung cancer bone metastases may be used to evaluate immunohistochemical PD-L1 expression in NSCLC.
An important result of the present study is that the frequency of PD-L1 expression in NSCLC bone metastases seems lower than that described in lung tumours. Amongst 1695 lung tumour samples, O'Malley et al. found 70.2% of tumours had a TPS ≥ 1% and 36.5% a TPS ≥ 50% [8] . A lower frequency was described by Evans et al. who found 55.6% of NSCLC with a TPS ≥ 1% and 30.6% a TPS ≥ 50% [9] . Nevertheless, the frequency of PD-L1 expression is dependent of the clone of PD-L1 antibody, the immunostainer, and the IHC protocol used in routine diagnosis [7] ; Evans et al. used the commercial PD-L1 22-C3 PharmDx assay [9] while the study reported by O'Malley et al. was based on results obtained using different PD-L1 clones including 22C3, 28-8, SP142 and SP263 [8] . Furthermore, although the size of the samples could limit interpretation of PD-L1 expression, the latter studies included samples from surgical resection, biopsies and cytology [8, 9] . Herein, PD-L1 expression was assessed mostly on small samples that could underestimate the frequency of expression, which may explain part of the difference, but the variety of technical issues potentially affecting the accuracy of the test precludes comparison.
In recent publications, authors have described a good concordance between primary tumours and soft tissue metastases, depending on the tumour and the TPS (better concordance was found when TPS ≥ 50%) [6, 10] . Focusing on NSCLC and when considering a cut-off of 50%, Munari et al. described a discrepancy of 9.3% of paired samples for PD-L1 expression [10] . This kind of study was not possible herein because we could not evaluate PD-L1 expression on the primary tumour, only on the bone metastases. Furthermore, PD-L1 expression could be increased in some specific metastatic sites; Evans et al. described a significant overexpression of PD-L1 in pleural and nodal metastases [9] . In bone, they found a more frequent expression of PD-L1 than in the present study (49.8% TPS >1%, and 26.3% TPS ≥ 50% [9] ). In bone, PD-L1 expression could vary according to the technical aspects described above, but, in addition, the decalcification procedure and the microenvironment of the bone could also contribute to this difference. Herein, there was no significant difference in PD-L1 expression amongst decalcified and non-decalcified bone samples. These results confirm on lung cancer bone metastases the data recently published on placentas and lung samples [11] where the authors reported a decrease of PD-L1 expression when the samples were subjected to acid-based decalcifiers while there was little change in staining intensity or in the proportion of stained cells with EDTA or formic acid. With regards to the microenvironnement, ongoing studies in our department are investigating specifically the immune component of bone metastases stroma. The bone is the third common sites for metastasis that could be explained by high blood flow, tumour cell-stroma cell interactions and growth factors produced by the bone marrow that stimulate tumour growth [12] . Understanding the immune regulatory mechanisms in the bone marrow microenvironnement is important for the development of immune therapies in NSCLC.
To conclude, we confirm decalcified bone metastasis specimens may be used for PD-L1 IHC in routine practice. These results also highlight potentially interesting specificities of the bone microenvironment that should be further studied.
Funding
This work was supported by the Hospices Civils de Lyon young investigator research grant (to CC). 
CRediT authorship contribution statement
Declaration of Competing interest
Authors did not declare any conflict of interest regarding to this research. 
